Using a new dataset of currency option prices, we study the evolution of investor confidence in 1992-1998 over the chance of individual currencies to converge to the Euro. Convergence risk, which may reflect uncertainty over policy commitment as well as exogenous fundamentals, induces a level of implied volatility in excess of actual volatility (volatility wedge). We show formally that confidence grows over time as convergence policy is maintained, and the risk of a reversal is progressively resolved.
Introduction
Financial prices reflect uncertainty and reveal information about its resolution. Many causes of uncertainty are exogenous and are naturally resolved over time. Some other source of uncertainty is instead of a strategic nature, as the timing of its resolution is a strategic variable by some agents with incentives to hide their information. For instance, managers of poorly performing firms may hide bad news or delay their disclosure, when this would reduce financing costs or delays default. Similarly, governments may hide unfavorable news, when they receive some short-term benefits from investor confidence on their policy. Because of this incentive to hide bad news, or to time strategically their release, confidence on the true performance of a corporation or future government policy can only be established gradually. The recent series of corporate accounting scandals has revealed the degree of misrepresentation possible even in sophisticated financial markets such as the US, and has certainly hurt confidence on the reliability of reported profitability. Similarly, there have many cases of misrepresentation by governments on their intentions or ability to implement an announced policy. A classic example was the attempt of the Mexican treasury to hide a sharp decline in foreign reserve ahead of the peso crisis of 1994, which in turn prompted the IMF to establish a program for timely releases of such official statistics for many countries.
We argue that in such cases financial prices must reflect, in addition to the uncertainty surrounding exogenous factors, also the evolution of this strategic concealment of information. We consider in this paper the context of an uncertain government commitment to an exchange rate target, where the possibility of strategic behavior implies a gradual updating of investor's beliefs, a process we term "confidence building". The first contributions to this literature were the models of uncertain disinflationary policy in Barro (1986) and Rogoff (1986) . 1 The main goal of this paper is to present a methodology to empirically assess the relevance of confidence building for financial prices, and offer as an empirical example 1 Other examples are uncertain protection of property rights of foreign investors in Cherian and Perotti (2001) , and uncertain commitment to privatization policy as in Perotti and van Oijen (2001) and Laeven and Perotti (2002) . the process of convergence of several European currencies to the Euro in the period [1992] [1993] [1994] [1995] [1996] [1997] [1998] . At the time, the political determination to sustain the process of convergence remained uncertain in several countries until the final conversion, making this a very suitable test for our confidence building hypothesis. Particularly countries with a tradition of higher inflation and high budget spending, such as Spain, Belgium, and Italy, were at times considered unlikely to complete the convergence process, and yet had an incentive to claim a commitment to convert in order to reduce interest rates and inflationary expectations. 2 As it is likely that other countries will join the Euro in the future, understanding this specific convergence process is also important.
In short, we provide empirical evidence for a gradual updating of beliefs on the commitment of the policymakers in the different countries to fully meet the Maastricht Treaty criteria for inclusion, and assess the implications of this confidence building process for currency option prices and currency volatility. We use an extraordinary dataset of daily cross-rate option prices between 1992 and 1998 for six European countries, four of which joined the Euro.
The first part of the paper introduces a reference model of confidence building. In the model, countries with high fiscal deficits claim a commitment to conversion even if the authorities are not able or willing to follow the process through. The policy can be reversed at any point in time, but in the short term it allows the government to capture the benefit of lower interest rates. Once the cost of policy commitment exceeds the benefits, however, the country will abandon its convergence policy. Policy uncertainty thus becomes progressively resolved as no reversal is observed.
We argue that this policy risk causes option prices to reflect a high implied volatility, in excess of actual volatility. As confidence grows over time (in the absence of policy reversals), implied volatility falls. In addition, there is a positive, but decreasing difference between implied and actual volatility throughout the policy implementation period. This volatility wedge reflects the potential increase in exchange rate volatility which would take place, were the country to drop out of the convergence process.
In the empirical analysis we focus on three measures of convergence risk, the volatility wedge, the implied currency volatility, and a country's interest rate spread relative to the German interest rate. The interest rate spread has been used previously to assess the likelihood of Euro convergence (section 2 discusses this literature). First of all, we show that a positive average wedge exists for the converging currencies, while the wedge is small for countries that did not participate in the convergence process.
Moreover, for the converging currencies there is a clear decreasing trend in the wedge over time, which approaches zero smoothly in 1998. For the non-participating countries, the wedge shows no systematic behavior. For the other two risk measures we also observe a decreasing pattern over time.
This decrease in the convergence risk measures may be (partially) caused by changes in observable variables, which influence the objective probability of convergence. We therefore use a regression analysis to disentangle such exogenous learning from confidence building. In a first step, we analyze a fixed-effects panel data model and regress each risk measure across countries on the budget deficit and the inflation rate. These two variables were used in the Maastricht Treaty to set convergence criteria, and are therefore the critical variables to capture learning about observable indicators of the likelihood of convergence. Indeed, the results show that the several risk measures are positively related to the level of the budget deficit and the inflation rate. In a second step, we study the residuals of the first-step regression to see if this residual risk is correlated with policy risk variables. We also test whether residual uncertainty contains a downward trend, in line with the confidence building hypothesis. The empirical results indeed show a downward trend in the residuals over time. In addition, the residuals are significantly related to the ICRG political risk measure, which proxies for the stability in economic policy.
Next, we study a more subtle implication of the confidence building model. Over time, investors will observe some economic and political shocks, which may affect the cost of convergence policy. In particular, large negative shocks represent a challenge to the policy in place. As a result, if the policy is maintained under such unfavorable circumstances, investors would gain confidence faster than in the absence of the shock. In contrast, a more moderate reaction is expected after positive shocks. Thus, the speed of the decline in the risk measure (a measure of the rate of confidence building over time) should be affected asymmetrically by policy news. This implication of the confidence building model distinguishes it from a purely exogenous learning model. Empirically, we indeed find evidence that all risk measures (the volatility wedge, the interest rate spread and the implied volatility) react asymmetrically to past changes. Increases in these variables are typically reversed quickly, while decreases are not. These asymmetric patterns are clearly different from a standard GARCH model, which predicts symmetric and persistent effects of shocks.
In the final part of the paper, we incorporate the credibility model in a regimeswitching model formulation. In order to capture the time-varying and asymmetric nature of convergence risk, we allow the regime-switching probabilities to depend on the interest rate spread. We also allow for a risk premium on convergence risk (the risk of regime switches). In order to estimate our model efficiently, we develop a new estimation strategy to use both the information in currency movements and currency option prices.
To the best of our knowledge, this paper is the first to estimate a risk premium on regime switches. The model estimates confirm the empirical results presented in the first part of the paper. Furthermore, we find clear evidence that investors require a risk premium for convergence risk. Finally, the model also yields a time series of convergence probabilities, which we compare with the EMU-probabilities based on interest rates.
The rest of this paper is organized as follows. In section 2 we discuss related research. Section 3 presents the theoretical model. In section 4 we empirically test the implications of the theoretical confidence building model. Section 5 discusses the regimeswitching model for convergence risk, and presents estimation results for this model. Section 6 concludes.
Related Empirical Research
The empirical literature on convergence to the Euro has used mostly data on interest rate spreads. In particular, several so-called EMU calculators have been developed (see, for example, Lund (1999) , Bates (1999), and Favero et al. (2000) ). These calculators used cross-country bond spreads to assess the probability that a country would join the EMU.
A disadvantage of using bond spreads is that these spreads do not have to disappear completely in case of convergence. In fact, since the fixing of the currency rates January 1, 1999, Italian government bonds still trade at a significant liquidity spread to, for example, German government bonds. Also, as shown by Lund (1999) , for some nonconverging countries, especially Sweden, the interest rate spread pattern over the 1995-1998 period very much resembled the spread behavior of converging countries. Finally, Lund (1999) shows that it is hard to analyze the convergence uncertainty for countries for which had small interest rate spreads already at the beginning of the convergence process, such as Belgium, France, and the Netherlands.
The approach proposed here is to exploit the much richer information available from options. Related to this is the work by Campa et al (1998ab) and Maltz (1996) , who have used these data to assess the credibility of currency target zones. Interestingly, the early literature on the Euro, which analyzed the devaluation crisis of 1992, found evidence that investors had envisioned the potential collapse of the pound and lira by analyzing option prices (Campa and Chang (1996) ). In other settings, extracting information on higher distributional moments from prices has been studied in seminal contributions by Jackwerth and Rubinstein (1996) and Ait-Sahalia and Lo (1998) , who extract the risk-neutral state-price density from traded option prices.
Other related literature includes the papers by Naslund (1995a, 1995b) , which price options on currencies with jumps. Their models take the jumps as exogenous and cannot incorporate the learning behavior of investors in the presence of convergence risk. Bottazzi and Hueffman (2000) develop a model for pricing currency options when there is uncertainty about convergence to a fixed peg, but jumps are exogenous and there is no confidence building by investors. Adao and Barros (2000) use interest rate option prices to assess the likelihood of Euro convergence. Since interest rate options do not directly contain information on this likelihood, they have to assume a value for the correlation between interest rates of different countries.
Theoretical Model
We outline here a simple credibility model based on Barro (1986) and Rogoff (1987) , who analyze the evolution of confidence when investors are uncertain about the commitment of policymakers and there is no credible signal available. In that case, credibility can be established only gradually by maintaining the announced policy over time, since uncommitted policymakers will gradually reveal their preferred strategy by abandoning the convergence policy. The optimal reversal strategy thus endogenizes the hazard rate of a policy change, and determines the rate of confidence building by investors.
Consider the following simple model of policy choice over an interval t = 1, .. T.
Investors are uncertain about policy commitment because the government faces an unknown political cost C to maintain the convergence policy. Assume that at each date t they have beliefs about the distribution of political cost C t for the government. This cost may be time-dependent and subject to shocks. Once this cost exceeds the benefits of convergence, the government will abandon its convergence policy.
The benefit of convergence is high credibility of monetary and fiscal policy, so that the interest rate on the public debt D will be low and equal to r. Assume that the public debt is short term, so its rate is adjusted in each period to reflect the perceived risk of a policy change. Assume that a government which drops out of convergence policy faces a higher interest rate cost of servicing its debt D equal to R, where r < R.
Maintaining a converging policy until time t lead to an interest rate r t which reflects the expected return r t = r(θ t ) = θ t R + (1-θ t )r
where θ t reflects investors' perceived probability that the government will abandon convergence policy at time t. Once the government changes its policy, there are no longer 3 A government which by ideology is strongly favorable to convergence policy may even have a negative cost C. In general there may be some correlation between the cost C and the level of public debt D.
any doubts on its type, so that θ t = 1 for all t thereafter and the cost of debt remains at R.
Thus in any given period, the government will have a utility flow equal to
if it maintains the convergence policy, while if it abandons it will have
We assume no discounting. The government minimizes at time 0 a loss function by choosing an optimal switching timing t
Initially, each government chooses a pure strategy in t*, with a committed government choosing an infinite t*. More generally, for each date t there is a critical political cost threshold C* t > 0 such that countries with political costs C t < C* t will maintain the convergence policy while the others will reverse it immediately. Intuitively, countries with high C will reverse earlier, since the reduction in interest rates will at some point be too modest to compensate for the ongoing cost of the converging policy. 4 This formulation follows closely the model in Rogoff (1987) .
Any realistic representation of actual currency prices requires some intertemporal variation in risk perception besides a gradually vanishing risk of a reversal. We thus introduce observable interim shocks to the political cost of convergence, which will affect the policy trade-off and thus perceived risk. Specifically, we assume that the cost C t varies over time, reflecting both a predictable component and some mediumfrequency, intermediate-size shocks. In order to generate some learning at each date, we assume that per-period political costs increase as convergence policy progresses, 5 a realistic assumption if early steps in convergence policy are relatively easy relative to more structural medium term adjustment to be taken over time. Specifically, let
where ε is an independently distributed random variable with zero expectation. 6 We assume that investors know the distribution of government types C t at each date t, and observe any interim shocks ε t . We simplify the model by assuming that the government does not attempt to incorporate the presence of future shocks in its optimal timing choice, and chooses to abandon the convergence policy at time t if the flow of political costs exceeds the per period financial saving, C t > [(R-r(θ t )) D t ]. Figure 1 illustrates the optimal reversal timing for a hypothetical government with an initial political cost of C o .
The implied per-period hazard rate θ t reflects the fraction of governments whose optimal timing of reversal is t. The computation of the distribution of reversal over time requires solving backwards. Define T* to be the date by which the government is no longer expected to abandon its convergence policy. This may occur before T, the formal date of final conversion (we assume that after T any reversal is too costly). For this belief to be rational, it must be that a government which has not reverted so far cannot possibly gain from switching at T*; thus its political cost C T must be less than a critical C* T such that C* T =(R-r)D T , which is the maximum gain from fooling investors into believing that θ T is zero. We can now define the critical threshold at T-1 as
θ T-1 is strictly related to C* T-1 (1+δ), since it represents the chance that the government will have a political cost between C* T-1 and C* T , based on the distribution of government types conditional on no reversal until T-1, plus the fact that no type with a cost above C* T at time T will find it optimal to maintain convergence
Solving this equation recursively for all t generates the equilibrium time series of hazard rates θ t .
The implication of this simple model is that in each period without a policy change, investors will update their beliefs on the credibility of an individual country's commitment to convergence (since some high political cost types would have reversed policy). We call this evolution of credibility "confidence building". Investor confidence will evolve in each date t according to Bayes' Law: p t = p t-1 /(1-θ t ).
Note that θ t determines the difference between expected (implied) and actual (ex post) volatility on the currency at date t, as a policy reversal would generate an increase in currency volatility. In Figures 2a-b we show the result of simulations on the model, ignoring any interim shocks to the political cost of convergence.
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The model implies unambiguously a gradual learning over time, and a declining hazard rate. As a result, both total and per period perceived risk will fall over time.
We next consider the effect of large interim shocks ε on the time path of perceived convergence risk. Intuitively, periods in which convergence policy is maintained even though its costs have risen (e.g. as a result of a major price shock, a massive labor strike, or an unanticipated recession) are particularly informative about the degree of government commitment. As a result, investors will increase their expectation about the chance of a reversal in the following periods. In particular, a large negative news shock will lead to an increase in the "rate of learning". If no reversal is observed, this implies that the government is "more committed" than previously expected (i.e. has a lower political cost than previously believed), leading to a faster confidence build-up.
In Figure 2a we illustrate the effect of a large negative news shock (an increase in the political cost). The hazard rate jumps upon the shock, reflecting both an overall greater chance of reversal and a larger hazard rate for the next period. The simulation also
shows that the hazard rate drops rapidly, reflecting the faster confidence building derived from the greater likelihood of an immediate reversal. Figure 2b shows the effect of a large positive news shock, where the hazard rate decreases, but the size of the decrease is much smaller than the increase in the hazard rate after negative news.
Analysis of Convergence Risk Measures
In the empirical analysis we condition upon participation of Germany to the Euro (as in
Lund (1999) The implications of the theoretical model in section 2 can then be translated to the following hypotheses for these risk measures. First of all, the volatility wedge should be positive for converging countries, due to the uncertainty about convergence and, in addition, a risk premium on this risk. Second, residual uncertainty about convergence is decreasing over time, implying a decreasing trend in the time series of the IRS, IV, and VW. Third, after controlling for observed changes in economic conditions affecting convergence, all risk measures should be related to proxies for policy risk. Finally, the theoretical model implies that the rate of confidence building increases after unfavorable economic or policy shocks. In this section we analyze these four hypotheses.
Data
We use a new and unique dataset, which consists of direct quotes on cross rate currency options gathered by the forex desk of Credit Suisse First Boston in London, an international investment bank with a significant role in European currency trading. We also have daily data on the related cross-rate currency and forward prices. Importantly,
we have every day a new set of options, whose exercise price is set at the current forward rate.
All options are on currency rates relative to the Deutschemark. For our analysis we also use data on interest rates and economic fundamentals.
We do not use government bonds to construct interest rates, since it is well known that there are liquidity differences across maturities and across countries. Instead, we follow Lund (1999) and use data on 10-year swap rates for all relevant countries, collected from
Datastream. For all six countries we construct the interest rate spread by subtracting the German swap rate from the country's swap rate.
Finally, for each country, we collect data on monthly inflation rates, the yearly budget deficit, and a monthly political risk indicator. This political risk indicator is the political risk index from the International Country Risk Guide (ICRG) (see Erb, Harvey, and Viskanta (1996) for details). This indicator is between 0 and 100, where 100 corresponds to the lowest possible political risk. In our analysis we use the negative of this indicator, so that higher values for the political risk variable correspond to higher political risk.
Volatility wedge
We define the volatility wedge as the difference between implied volatility 8 (IV) of an option and the realized currency volatility over the remaining maturity of the option. We choose to use the 2-month option to construct the volatility wedge. This choice reflects a trade off between liquidity of the option and the accuracy of the estimate of the realized volatility: short-maturity options are typically more liquid than options with longer maturities, but for such options fewer observations can be used to calculate the realized volatility. In case of the 2-month option, slightly more than 40 trading days can be used to calculate the realized currency volatility, which is defined as the annualized standard deviation of daily changes in the log-currency rate. Both the volatility wedge and the implied volatility are measured in volatility points. This procedure of calculating realized volatility is also used by, for example, Canina and Figlewski (1993) , who compare implied volatilities of equity index options with realized volatility on the underlying equity index.
For each country, these calculations provide a wedge measure at all days in the dataset. Figures 3-8 graph the behavior of these volatility wedges, along with the implied volatility, over the 1992-1998 period. Lund (1999) , the time series pattern of the Swedish interest rate spread very much resembles the pattern that is observed for the converging countries. This shows that it is indeed useful to consider the information in currency rates and currency options for Euro convergence risk, in addition to the interest rate spread.
Disentangling confidence building and exogenous learning
Next, we focus on the determinants of the convergence risk measures. In particular, we first try to correct the risk measures for so-called exogenous learning variables. We then analyze whether the residual uncertainty is correlated with variables that are related to the confidence building process. We follow a two-step procedure.
In the first step we regress each risk measure on the budget deficit and inflation, using a fixed-effects panel data model for the four converging countries. Since the 
with the usual assumptions on the error term.
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Similar equations are estimated for the volatility wedge and the interest rate spread. Equation (8) shows that we allow the constant term to vary across countries, while the slope parameters are assumed to be constant across countries. We use the fixed-effects (or within) least-squares estimator to estimate the parameters in equation (8).
In a second estimation step, we regress the residuals of the regression in (8) on two proxies for confidence building and the associated strategic behavior of governments.
The regression residuals, which are corrected for observed changes in the likelihood of convergence, represent the residual uncertainty about the commitment to convergence policy. The first proxy is a linear time trend. According to the confidence building model discussed in section 3, residual uncertainty about policy commitment decreases over time, implying a negative time trend in residual uncertainty. The second proxy is the ICRG political risk measure discussed above. This measure should capture variation in the political stability of a country, which we expect to be related to investor uncertainty about policy commitment. Again, we pool the time series of all four converging countries and estimate a fixed-effects panel data model.
The regression results are given in table 3. We first discuss the first-step regression results. Both the inflation rate and budget deficit have a statistically significant relationship with the three risk measures at the 10% level. The economic size of the coefficients is also significant. For example, an increase in monthly inflation of 0.1% (e.g., from 0.2% to 0.3%) gives an expected increase in the IV of 0.1 volatility points. In all cases, there is a positive relationship between the risk measures and the inflation and budget deficit, in line with economic intuition. The results for the IV and IRS regressions are statistically much more precise than the results for the wedge, as a higher R 2 is obtained (42.3% for the IV and 49.4% for the IRS). This confirms the impression that our estimates of the wedge are noisy, which is due to the fact that the realized volatility is estimated using 2 months of currency data.
Next we regress the residuals of the first-step regression on the time trend and the ICRG political risk measure. For all risk measures, both variables are significant at the 10% level and have the expected signs. The time trend implies an annual decrease of about 0.24 volatility points for the IV and the wedge, and about 0.17% for the interest rate spread. Thus, even after controlling for observed increases in the likelihood of Euro convergence caused by decreasing inflation rates and budget deficits, the convergence risk measures exhibit a downward trend over time. For the political risk measure we find that an (often observed) increase of 1 point in the political risk indicator (e.g., from -80 to -79) implies an expected IV decrease of 0.15 volatility points. The R 2 of the secondstep regression ranges from 9.4% for the wedge to 21.5% for the interest rate spread.
Although, compared to the exogenous learning variables (inflation rate and budget deficit) the explained variation is somewhat smaller, these results show that the confidence building proxies do explain part of the residual variation in the risk measures.
Time-variation in the rate of confidence building
The results above show that there is gradual improvement in the wedge, implied volatility and interest rate spread over time. The results in table 4 show that both risk measures react in an asymmetric fashion to past shocks. For all countries, increases in IV or IRS are typically followed by subsequent decreases. This effect is significant on the 10%-level for 5 out of 8 cases. For a lagged decrease in the IV or IRS, no economically or statistically important reaction is observed. These results are in line with our model of strategic policy behavior: after a temporary, large increase in convergence risk, faster confidence building about the country's commitment is observed. Note that our data relate to countries that all converged eventually. Clearly, we would expect different time series behavior for a country that did not converge.
Next, we analyze whether the time series of the volatility wedge also reflects the asymmetry discussed above. Because the volatility wedge exhibits positive autocorrelation by construction, we use a different methodology. To distinguish infrequent but important policy shocks from regular but small daily market shocks, we perform the following analysis. Per country, we select from all weekly interest rate spread shocks the shocks in the lower 2.5%-percentile and the upper 97.5%-percentile.
We then look at the behavior of the wedge when such large IRS shocks take place. We investigate both the contemporaneous change in the wedge, and the subsequent changes 11 A concrete example can illustrate this point. A major strike by public workers occurred in France in 1995, in response to budget cuts required by the Maastricht treaty. It led to a sharp jump in the interest rate spread, as investors feared that it may lead to policy changes which would undermine French budget discipline. As such fears regressed, the increase in interest rate spread was rapidly reabsorbed. Clearly, the strike represented a threat to the convergence process, but also a test of commitment. Sustaining policy in such circumstances is thus particularly informative, and leads to a faster rate of learning. in the wedge. We correct for the average trend in the wedge, by calculating all changes in the wedge in deviation from the average change. Table 5 shows the following results. At the time of a large positive shock to the interest rate spread, the wedge increases by a large amount. This reflects the sudden increase in uncertainty on Euro participation. However, the tables show that, for the converging countries, this uncertainty is resolved over time: after 4 weeks the level of the wedge is in all cases (except France) lower than the level of the wedge directly after the initial interest rate spread shock. Moreover, for Spain the wedge is lower after 4 weeks than the wedge before the large IRS shock. Again, this indicates that in times of high uncertainty, investors learn faster about the true nature of the country than in normal market circumstances.
At the time of a large decrease in the interest rate spread, an abnormal decrease in the wedge is observed in the week of the shock, which is however smaller in absolute size than the increase in the wedge after a positive IRS shock. This shows that the wedge reacts asymmetrically to policy news. In the weeks following the large negative IRS shock, the wedge decreases somewhat more. A possible explanation of this result is the following. The initial decrease in the IRS is an indication of improvement in the likelihood of Euro participation. However, the good news that underlies this improvement is typically 'soft' news, which is therefore not reflected completely in option prices in the first week. Only over time, the true value of this soft news becomes clear to investors.
Modelling Convergence Risk as a Regime-Switching Model

Model description
In this section we propose a reduced-form currency option pricing model that incorporates the credibility building process. This will allow us to quantify the risk premium on convergence risk demanded by investors. In addition, the model proposed below gives an option-implied estimate of the likelihood of Euro convergence, which can be compared to EMU-calculators based on interest rate spreads (see Favero et al. (2000) and Lund (1999) ).
Our model builds on the literature of regime-switching models, introduced by Hamilton (1989) and applied to financial markets by, amongst others, Dahlquist and Gray (2000) , Ang and Bekaert (2001) and David and Veronesi (2002) . In our model, a country's currency rate (relative to Deutschemark) can be in two regimes, a convergence and a no-convergence regime. Investors do not observe in which regime the currency is, and regime switches are possible before the final convergence date. One may think of these two regimes as a low political cost regime and a high political cost regime, in line with the model in section 2 where investors are uncertain about the true political cost of the country.
The first regime is the convergence regime, in which the currency rate S t satisfies In equation (9) t ε is a normally distributed innovation, c µ is the drift rate, and c σ is the currency volatility. We assume that the volatility in the convergence regime is generated by noise trading, so that this volatility is expected to be small. We use weekly changes for the currency rate in equation (9).
The second regime is the no-convergence regime We expect the currency volatility nc σ in this regime to be higher than in the convergence regime. Also, one may expect the drift rate to be negative in the no-convergence regime, reflecting a further devaluation of the currency. The model is completed by assuming a first-order Markov process for the current regime in a country. Regime changes from time t to time t+1 are governed by the regime-switching probability matrix P t Gray (1996) , Dahlquist and Gray (2000) , and Ang and Bekaert (2001) Dahlquist and Gray (2000) also use the interest rate spread as a conditioning variable when studying the impact of currency target zones on interest rate behavior. As shown in the previous section, the level of the interest rate spread is positively related to the size of convergence risk. We thus expect the slope coefficient c β for the level of interest rate spread to be negative for the convergence probability. If the interest rate spread (and thus convergence risk) is large, the likelihood of moving from the convergence regime to the no-convergence regime is expected to be relatively high.
Similarly, we expect the slope coefficient nc β for the level of the spread to be positive: if the interest rate spread is large, we expect the likelihood of staying in the no-convergence regime to be high.
For our second conditional variable,
, we expect different signs for the slope coefficients. That is, given that an increase in the interest rate spread is typically followed by a decrease (as shown in section 4), and given that we already incorporate the level of the spread, we expect that the slope on the change in the spread is positive for the convergence probability ( 0 The model introduced above describes the behavior of currency rates under the true or actual probability measure. To price options, we need the currency process under the risk-neutral probability measure. This paper is, to our best knowledge, the first to distinguish risk-neutral and actual regime switching probabilities. Bollen, Gray, and
Whaley (2000) also use option prices to estimate regime-switching models, but they assume that the risk of regime switches is diversifiable, so that actual and risk-neutral probabilities coincide. In our case, regime switches are associated with Euro convergence risk, and it is likely that this important risk is priced. As outlined below, the use of both currency and option data allows us to analyze whether there is a difference between riskneutral and actual regime switching probabilities.
Moving from the actual to the risk-neutral probability measure changes two aspects of our model. First of all, in a risk-neutral world the drift of the currency rate should equal the difference between the domestic and foreign short maturity interest rates. Second, the regime-switching probabilities under the risk-neutral probability measure may differ from the actual probabilities. We model the risk-neutral switching probabilities Q t in the following way We thus allow the slope coefficient on the IRS level to change when moving from the actual to the risk-neutral measure. To interpret this change, note that a positive convergence risk premium is obtained if the risk-neutral probability of staying in the convergence regime is smaller than the actual probability, and if the risk-neutral probability of staying in the no-convergence regime is larger than the actual probability. Our specification thus implies that high convergence risk, as represented by a high interest rate spread, corresponds to a higher risk premium on convergence risk. If the interest rate spread is zero, actual and risk-neutral probabilities coincide in our specification, reflecting the absence of convergence risk. In order to maintain a parsimonious model, we do not allow for risk premia on the lagged changes in the interest rate spread.
Our model implies that there are two components to the wedge between the implied volatility and realized volatility. The first component is a risk premium component. Intuitively, since investors do not observe the current regime of a country and given the difference between risk-neutral and actual probabilities, investors use conservative probabilities to price options, so that the option implied volatility (which reflects the risk-neutral expected volatility over the life of the option) exceeds the actual expected realized volatility. This component of the wedge will be positively related to the interest rate spread. Secondly, the model generates a difference between the actual expected volatility and realized volatility: in each week the actual regime is realized, which can either be the high-or low-volatility regime. If the realized regime is most often the low-volatility convergence regime (which one would expect ex-post for countries that actually converged), this second term would be positive most of the time, although temporary increases in convergence risk (i.e., temporary switches to the high-volatility regime) imply a negative sign for this term. This is line with Figures 3-6 , where we indeed see a positive wedge on average, but also short periods with a negative wedge, which would coincide with a period of rapid deterioration in credibility.
Model estimation
For each country, the estimation methodology consists of two steps. In the first step, we estimate the regime-switching model under the actual probability measure using data on the currency rate. For this part, we use Maximum Likelihood for parameter estimation, as developed by Hamilton (1989 Hamilton ( , 1994 and Gray (1996) . As a byproduct, this estimation methodology yields at each point in time the investor's assessment of the likelihood of being in a given regime, conditional upon the past observations on the currency rates.
Bayesian updating is used to calculate these conditional regime probabilities.
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The second part of the estimation methodology focuses on the risk-neutral parameters of the model, i.e. the slope parameters in the switching probabilities in equations (12) and (13). We introduce a new estimation methodology for this. The methodology is based on the pricing formula for options in regime-switching models developed by Campbell and Li (2002) . 13 Denote Q t π the risk-neutral probability that the current regime is the convergence regime, conditional upon the investor's information set at time t. The formula of Campbell and Li shows that the option price is a weighted average of two Black-Scholes (BS) type formulas. The first term is the product of the risk-neutral convergence regime probability Q t π and a BS formula. The volatility parameter in this BS formula is given by the risk-neutral expectation of the average volatility over the life of the option, given that the current regime is the convergence regime. The second term is similar, and expresses the contribution from the possibility of being in the no-convergence regime. It is important to note that the conditional regime probabilities are given under the risk-neutral measure. Also, the expectation of the average volatility over the option life involves the risk-neutral switching probabilities.
We then set up the following iterative estimation strategy.
In step 1 we invert the option pricing formula to determine at each date the riskneutral convergence regime probability Q t π from the observed 2-month option price. To calculate the expected average volatility in the pricing expression of Campbell and Li, we use the parameters under the actual probability measure, as estimated using ML. For the second step we derive the following equation for the option-implied regime probability
Given the time series for the risk-neutral regime probability obtained in the first step, we can estimate the risk-neutral slope parameters in the switching probabilities ) ( 14 Finally, we iterate these two steps, where we now use in step 1 the risk-neutral expected volatility over the option life using the risk-neutral parameters obtained from the previous iteration. We stop when convergence is obtained.
In short, our estimation procedure filters out a time series for the risk-neutral regime probability from observed option prices, and then estimates the risk-neutral switching parameters using this time series. Table 6 presents the estimation results for the regime-switching model. We start by discussing the results for the actual process of currency rates. First of all, for all countries 14 Recall that the constant terms α c and α nc and the slope parameters on the changes in the interest rate spread (
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) are assumed to be the same under the actual and risk-neutral measure, so that these parameters are not re-estimated.
we clearly find evidence for the existence of a high-volatility regime and a low-volatility regime, which we interpret as the no-convergence and convergence regime respectively.
For example, for Italy the annualized volatility is 0.68% in the convergence regime and 9.47% in the no-convergence regime. As discussed earlier, we interpret the low volatility in the convergence regime as trading generated volatility, which will thus disappear once currencies are fixed. In addition to the volatility differences, we find for all countries (except Belgium) that the drift of the currency rate is lowest (and negative) in the noconvergence regime. Thus, in the no-convergence regime, currencies typically depreciate relative to the Deutschemark. The results also clearly show that the volatility parameters can be estimated much more precisely than the drift parameters.
The parameter estimates for the regime probabilities reflect the time-varying nature of convergence risk. The estimates show that higher interest rate spreads imply that it is less likely to stay in the convergence regime, while the likelihood of staying in the no-convergence regime increases with the interest rate spread. For example, if the interest rate spread is at its average level, the probability of staying in the convergence regime varies from 33.0% for Italy to 93.3% for Belgium. If the interest rate spread is equal to zero, this probability ranges from 90.1% for Spain to 96.4% for Belgium. A similar impact of the interest rate spread is obtained for the no-convergence switching probabilities. This clearly shows that there are important changes in convergence risk over time. In addition to the level effect of the interest rate spread, the lagged change in the spread also affects the regime probabilities to some extent. Inspired by the results in section 4, we allow for an asymmetric impact of the lagged spread change. The results are in general in line with the findings in section 4, although in some cases the parameters are not significantly different from zero. An increase in the interest rate spread increases (decreases) the probability of staying in the convergence (no-convergence) regime, correcting for the current level for the interest spread. A lagged decrease in the interest spread does not significantly influence the regime probabilities.
Next, we turn to the risk-neutral switching probabilities. As explained above, we allow the risk-neutral slope coefficient on the level of the IRS to be different from the actual slope coefficient. The results in table 6 show that for all countries the inequalities in equation (17) hold, implying a positive risk premium on convergence risk. Thus, relative to the actual switching probabilities, the risk-neutral probabilities imply a higher likelihood of (i) moving to the no-convergence regime and (ii) staying in this regime. For example, at the average level of the IRS, the risk-neutral probabilities of staying in the convergence regime range from 0.3% for Italy to 89.5% for Belgium. These numbers are clearly lower than the actual regime probabilities mentioned above.
Finally, we calculate convergence probabilities for all four countries. The convergence probability is defined as the probability that the regime at Jan 1, 1999, is the convergence regime. These probabilities are calculated at each date, using the regime probabilities at that date and the probability matrix of regime switches. We calculate both the actual convergence probabilities, obtained from the currency data, and the risk-neutral probabilities. Figures 9-12 graph the time series of these convergence probabilities. The graphs reflect the differences in convergence risk across countries. For Belgium, convergence probabilities are high and relatively constant over time, and the difference between actual and risk-neutral probabilities is relatively small. For France, there is more variation in the convergence probability. Lund (1999) finds that on the basis of interest rate spreads it is very hard to detect variation in convergence probabilities for Belgium and France.
For Italy and Spain, the picture is quite different. For these countries, there is considerable time variation in the convergence probabilities, and the large difference between the actual and risk-neutral probabilities reflects the importance of the convergence risk premium over the 1992-1998 period. In line with the declining trend in the wedge for the converging countries, Figures 9-12 also show that the difference between actual and risk-neutral convergence probabilities is decreasing. Figures 11 and   12 for Italy and Spain can be compared to figure 11 of Lund (1999) , which shows the EMU probability estimated from interest rate data for Spain and Italy. Most strikingly, the comparison shows that on the basis of currency option data, convergence probabilities get close to one (around 90%) at the end of 1997 and in 1998, while on the basis of interest rate data the convergence probabilities are between 50% and 80% at the end of 1997 and 1998. Even in August 1998, when it was essentially clear which countries would participate, interest rate based convergence probabilities were much lower than the option-based probabilities.
Conclusion
In this paper we empirically analyzed confidence building on the likelihood of Euro convergence, using a new dataset on currency option prices. Motivated by a theoretical model of confidence building, we find empirical evidence for a gradual resolution of uncertainty over policy commitment, even after correcting for observed improvements in economic circumstances (exogenous learning). In addition, we find that confidence building on policy commitment speeds up after periods of high uncertainty.
In the second part of the paper, we propose a regime-switching option pricing model that captures the confidence building process. We estimate the model using both currency rate and option data. The parameter estimates of this model confirm the timevarying and asymmetric nature of convergence risk. Importantly, we also find that currency option prices contain a significant risk premium for convergence risk. This model could be useful to assess the convergence likelihood for countries that may join the Euro in the future.
There are several interesting topics for further research. For example, the regimeswitching model for the currency rate could be extended to a model for the joint behavior of the interest rate spread and the currency rate. In addition, it may be worthwhile to study the joint convergence behavior of the countries involved. Related to this, it may also be useful to incorporate the time variation in cross-country correlations of interest rates, currency rates, and currency volatility when analyzing the Euro convergence process. Finally, the concept of confidence building may be relevant in other applications, such as the impact of timing of unfavorable corporate news on the evolution of equity and corporate bond prices. Figure 2a shows the hazard rate per period of a policy reversal, for the case without intermediate shocks to the political cost, and the case of an adverse shock of 1.5 at t=5. Figure 2b shows again the case without intermediate shocks, and the case of a decrease in the political cost of 1.5 at t=5. All results are based on the theoretical model in section 2, assuming a uniform distribution of types, r = 3 %, R = 11%, D=50 or 75, and an average political cost C o = 10 rising marginally (at a rate of 0.1%) over time until T. 15.0%
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Figures 9-12. Weekly time series of convergence probabilities implied by regime-switching model. The figures depict the actual and risk-neutral probabilities of Euro convergence for Belgium, France, Italy, and Spain. The probabilities are derived from the regime-switching model of section 5. The convergence probability is defined as the probability that the regime at Jan 1, 1999 is the converging regime. 
